To compare self-administered versions of three questionnaires for detecting heavy and problem drinking: the CAGE, the Alcohol Use Disorders Identification Test (AUDIT), and an augmented version of the CAGE.
ven though 10% to 36% of patients seen by primary care physicians suffer from alcohol abuse or dependence, these disorders often remain unrecognized by primary care providers. 1 Screening for problem drinking using validated questionnaires is therefore recommended. 2 The 4-item CAGE questionnaire is a brief, effective screening questionnaire for alcohol abuse and dependence. 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] However, the CAGE asks about alcohol problems "ever" experienced, so many patients who respond "yes" to the CAGE questions may have had alcohol problems only in the distant past. A more useful questionnaire screen would predominantly identify patients with "active" alcohol abuse or dependence, who meet diagnostic criteria, and have had at least one alcohol-related symptom in the past year.
Increasingly, clinicians are also interested in identifying heavy drinkers, i.e., patients who are at increased risk of adverse consequences of drinking regardless of whether they meet diagnostic criteria for abuse or dependence. 14 Although there is no consensus on the definition of heavy drinking, 15 we define heavy drinking as more than 14 drinks per week, or 5 or more drinks per day at least monthly. Average daily intake of two standard-sized drinks increases the relative risk of alcohol-related problems 6-to 12-fold. 16 Episodic drinking of 5 or more drinks also places individuals at increased risk of alcohol-related problems. 16, 17 Moreover, brief primary care interventions with heavy drinkers decrease their subsequent alcohol consumption, and improve other health-related outcomes. 18, 19 Alcohol screening questionnaires will be most helpful, therefore, if they identify heavy drinking as well as active alcohol abuse or dependence.
The CAGE appears to be a poor screen for heavy drinking, 20 and the best method for identification of primary care patients who drink heavily or have active alcohol abuse or dependence has not been established. The Alcohol Use Disorders Identification Test (AUDIT) was specifically designed to identify heavy drinkers, 21 and explicitly addresses alcohol-related problems and symptoms of dependence over the past year. The only published comparison of the AUDIT and CAGE in a primary care population used lifetime alcohol abuse or dependence as the comparison standard. 13 Not surprisingly, given the AUDIT's explicit focus on past-year symptoms, it performed poorly compared to the CAGE for identifying alcohol abuse and dependence ever. 13 Emergency department studies have found the AUDIT to perform better than the CAGE questionnaire as a screen for current alcohol abuse or dependence. 7, 8 The length of the 10-item AUDIT, however, is a disadvantage. A shorter questionnaire for identification of heavy drinking and active alcohol-related problems is the combination of questions about recent alcohol consumption from the CAGE screen and a question about the patient's own assessment of a drinking problem. 22, 23 We refer to this 7-question approach as an "augmented CAGE" (Appendix A). To our knowledge, the AUDIT has never been directly compared to an augmented CAGE.
We had the opportunity to evaluate self-administered CAGE, AUDIT, and augmented CAGE questionnaires in conjunction with a Veterans Affairs (VA) Ambulatory Care Quality Improvement Project. The purpose of this report is to compare the performance of the CAGE, AUDIT, and augmented CAGE questionnaires with interview-based comparison standards for heavy drinking and active alcohol abuse or dependence.
METHODS

Subjects
We surveyed general medical outpatients at three VA Medical Centers in 1994 as part of a longitudinal study of continuous quality improvement in general medicine clinics. All demographic information on patients in this study was obtained from the VA Decentralized Hospital Computing Program.
All patients ( N ϭ 9,513) who had seen a general medical provider within 1 year were sent the Health History Questionnaire. Of these, 330 patients were excluded because questionnaires were undeliverable or patients indicated they did not wish to participate (Fig. 1 ). Of 9,183 eligible patients, 6,116 (67%) returned the questionnaire. All 2,875 patients who had had 5 or more drinks over the past year were considered "drinkers" and mailed the Drinking Practices Questionnaire.
For this study, we selected a random sample of 447 patients who were mailed the Drinking Practices Questionnaire, and who indicated on the Health History Questionnaire that they were "willing to receive one or two telephone calls regarding (their) . . . health and health-related habits." Eighty-five percent of responding patients answered this question "yes." Sampling was stratified with heavy drinkers oversampled 2:1 in order to test the performance of the screening questionnaires in adequate numbers of heavy drinkers. Patients who reported on the Health History Questionnaire that they drank 5 or more drinks per typical day or averaged more than 14 drinks per typical week were considered heavy drinkers. Only six women met inclusion criteria and were excluded from analyses.
Questionnaire Measures
In the Health History Questionnaire, alcohol-related questions followed items on smoking and preceded items on dietary practices. Four CAGE questions and the question "Have you ever had a drinking problem?" were followed by AUDIT questions 1 and 2 about typical alcohol consumption (Appendix A). We scored the CAGE in the traditional manner with each "yes" response assigned 1 point. The "augmented CAGE" was scored as the sum of the CAGE score, plus 1 point if a patient indicated any history of a drinking problem, and 1 point if he reported heavy drinking.
The Drinking Practices Questionnaire included the AUDIT, a retrospective drinking diary, and questions about recent changes in drinking, motivation to change, and provider advice about drinking, and was mailed within 4 weeks of return of the Health History Questionnaire. The AUDIT was scored in the standard manner, with possible scores ranging from 0 to 40. 24 The AUDIT and the two versions of the CAGE were scored if more than half the items in the screening instrument were answered, with missing items assigned 0 points.
Interview Measures
The telephone interview included verbal consent, followed by a modified version of the tri-level World Health Organization (WHO) interview on alcohol consumption that asked patients to give detailed descriptions of the types and amounts of alcoholic beverages that they drank on low-, medium-, and high-level drinking days. 21, 25, 26 It also asked patients for the number of low-, medium-, and high-level drinking days in the past month and in a typical month of the past year. Reported consumption was converted to standard drink units using recommended conversion standards. 27 After questions about alcohol consumption, interviewers administered the alcohol module of a computerized version of the Diagnostic Interview Schedule (C-DISR, Interview Manager, version 2.0). 28 This standardized instrument, used in previous studies of alcohol screening questionnaires, 1, 4, 6, 29, 30 provides a lifetime diagnosis of DSM-III-R alcohol abuse or dependence, as well as the time of the most recent alcohol-related symptom and the number of symptoms in the past year. The entire interview usually lasted 10 to 20 minutes (range, 5 to 40 minutes). Half of the eligible patients were called for interviews before the Drinking Practices Questionnaire was mailed, and half were telephoned after it was returned, to evaluate whether a preceding interview about drinking habits affected reported consumption on the Drinking Practices Questionnaire.
Telephone interviews were completed by five experienced interviewers who were blind to all results of questionnaire screening. To ensure comparable styles of interview administration and coding, interviews were monitored periodically, and all forms were reviewed for completeness and consistency by one of the authors (KAB). Direct assessment of interrater reliability was not possible because the already heavy questionnaire burden on patients in this study precluded performing repeated interviews within a short time period.
Interview Comparison Standards
For analyses, patients were classified as heavy drinkers if they drank more than 14 drinks per week in a typical month, or if they drank 5 or more standard drinks in a day at least monthly, according to interviews. 15, 17 Patients were classified as having "lifetime alcohol abuse or dependence" if they met DSM-III-R criteria for alcohol abuse or dependence at any time in their lives. A subset of patients with lifetime alcohol abuse or dependence who had had one or more symptoms in the past year were classified as having "active alcohol abuse or dependence." A fourth category included patients with heavy drinking or active alcohol abuse or dependence in the past year.
Analyses
Sensitivities, specificities, and positive likelihood ratios for questionnaire screens compared with interview comparison standards were calculated in the standard manner. 31 We used receiver operating characteristic (ROC) curves to compare the CAGE, the augmented CAGE, and the AUDIT. Receiver operating characteristic curves plot sensitivity versus (1 Ϫ specificity), and the area under an ROC curve (AUROC) measures the overall performance of a screening questionnaire, allowing comparison of two or more screening instruments. Receiver operating characteristic curves were constructed using scores of 1 to 4 for the CAGE, 1 to 6 for the augmented CAGE, and 4 to 17 for the AUDIT. The area under each curve was calculated nonparametrically. 32, 33 To test the hypothesis that the areas under two ROC curves were significantly different, we used the z statistic, adjusting for the correlation between AUROCs when derived from the same population. 34 We considered several approaches to dealing with missing data, and we present analyses based on all patients who returned Drinking Practices Questionnaires and completed interviews. We were concerned that excluding respondents without complete data for all three questionnaire measures would overestimate sensitivity. For example, using an extreme case, a screening questionnaire that was left blank by 50% of problem drinkers could identify all problem drinkers who completed the questionnaire (100% sensitivity based on completers), but in practice would only identify 50% of problem drinking patients in the entire screened population. For this reason the most conservative estimates of sensitivity are based on the entire study population, and in our main analyses respondents missing a score for the CAGE, augmented CAGE, or AUDIT were assigned a score of 0 for the missing instrument. To determine how much these assumptions about missing responses affected our results, we repeated analyses using only interviewed patients who completed all items in all three screening instruments. In addition, we excluded only those patients who were missing a score for each screening questionnaire, and repeated analyses pertaining to that specific questionnaire.
To evaluate nonresponse bias, we used the Wilcoxon Rank-Sum Test to compare responses to Health History Questionnaire alcohol questions among Drinking Practices Questionnaire respondents and nonrespondents. We hypothesized that patients who drank more or had more alcohol-related problems would be more likely to be nonrespondents. To evaluate the effect of embedding the CAGE in the Health History Questionnaire, while the AUDIT was part of a questionnaire explicitly addressing drinking practices (context response bias), we compared responses to AUDIT questions 1 and 2 included in both questionnaires, using Wilcoxon Signed-Rank Test for matched pairs. We hypothesized that patients would report higher consumption on questions embedded in a general health history questionnaire.
Statistics were performed using SPSS and Excel. S-Plus, version 3.3, and a program written by one of the authors (TM) were used for graphical depiction of ROCs and calculation of the AUROCs. All p values are two-tailed.
RESULTS
Of 441 male patients who returned Health History Questionnaires and were selected for interviews, 48 (10.9%) were ineligible due to being too ill or deaf to be in-terviewed ( n ϭ 5), having no telephone ( n ϭ 24), or not answering repeated telephone calls over a 3-week period ( n ϭ 19). Of the remaining 393 patients, 110 (28.0%) did not return Drinking Practices Questionnaires, and 22 (5.6%) refused interviews. A total of 261 patients (66.4% of eligible) completed interviews and returned Drinking Practices Questionnaires (Fig. 1) . Table 1 describes demographic and screening characteristics of the entire population of Health History Questionnaire respondents, drinkers mailed the Drinking Practices Questionnaire and respondents to that questionnaire, and participants and nonparticipants in the interview study. Unfortunately, VA Decentralized Hospital Computing Program data on ethnicity were frequently missing. The underlying clinical populations were, however, predominantly white (89.9% of the 65% with ethnicity reported). Answers to a question at the end of the Health History
Questionnaire revealed that about 80% of questionnaires were completed by patients themselves; 12% were filled out by patients and their spouses or partners; and 6% were filled out by patients' spouses or someone else.
Of 261 study participants, 127 (49%) met interview criteria for lifetime alcohol abuse or dependence, 56 (22%) met criteria for active alcohol abuse and dependence, 89 (34%) met criteria for heavy drinking, and 105 (40%) met our criteria for "heavy drinking and/or active alcohol abuse or dependence." Among the 261 study participants, 39% indicated on the AUDIT having had 6 or more drinks in a day in the past year (Table 1) , a much higher proportion than reported more than 14 drinks in a typical week.
Comparison of AUROCs (Table 2) shows that for identification of active or lifetime alcohol abuse or dependence (Figs. 2a and 2b) , the augmented CAGE performed better than the CAGE alone or the AUDIT ( p Ͻ .0001). For detec- tion of heavy drinking (Fig. 2c) , however, the AUDIT was a superior screening test to the augmented CAGE ( p Ͻ .0001), which in turn performed significantly better than the CAGE alone ( p Ͻ .0001). For identifying heavy drinking and active alcohol abuse or dependence (Fig. 2d) , the AUDIT performed better than either the CAGE (p Ͻ .0001) or the augmented CAGE (p Ͻ .0001). Again the augmented CAGE performed significantly better than the CAGE alone (p Ͻ .0001). All screening questionnaires were more sensitive for active than for lifetime alcohol abuse or dependence (Table 3). However, using traditional cutpoints, the CAGE (Ն2) missed 47% of patients with heavy drinking or active alcohol abuse or dependence, and the AUDIT (Ն8) missed 45%; the augmented CAGE (Ն2) only missed 28%. Using lower cutpoints, however, the CAGE and augmented CAGE (Ն1) had sensitivities of 77% and 87%, respectively, and the AUDIT (Ն4) also had a sensitivity of 87%.
The AUDIT had higher specificity for heavy drinking or active alcohol abuse or dependence (Table 3) . Using traditional cutpoints, patients without heavy drinking or active alcohol abuse or dependence in the past year, according to the interviews, were much less likely to screen positive on the AUDIT (4%), than on the CAGE or augmented CAGE (19% or 25%, respectively). This advantage is reflected in the AUDIT's higher positive likelihood ratios. Even with a CAGE or augmented CAGE score of 4 or more, the positive likelihood ratios for these questionnaires were lower than for an AUDIT score of 6 or more.
Response Biases
Nonrespondents to the Drinking Practices Questionnaire (n ϭ 964) were significantly more likely than respondents (n ϭ 1,911) to be heavy drinkers and problem drinkers as determined by the Health History Questionnaire alcohol consumption questions and CAGE scores (data not shown). Similarly, nonparticipants in the interview study (n ϭ 186) reported drinking significantly more and had higher scores on the augmented CAGE than participants (n ϭ 261; data not shown). We also compared responses to two identical consumption questions (AUDIT 1-2) on the Health History Questionnaire and the Drinking Practices Questionnaire, and responses were not significantly different on the two instruments (data not shown). Comparing patients interviewed before or after the Drinking Practices Questionnaire, the response rate to the Drinking Practices Questionnaire was significantly higher among patients randomly assigned to be interviewed before that questionnaire. However, there were no significant differences between the randomly assigned groups with regard to consumption or problems reported on the Drinking Practices Questionnaire (data not shown).
Secondary Analyses
To evaluate the effect of our assumptions regarding missing values, we repeated analyses twice using different inclusion criteria. Thirty-five patients included in our main analyses had scores computed based on incomplete CAGE (n ϭ 8), augmented CAGE (n ϭ 8), or AUDIT questionnaires (n ϭ 27), because more than half the questionnaire items were completed. Repeated analyses, including 213 patients who had completed all items of all three screening questionnaires, did not change our main conclusions. Areas under ROC curves ranged from 0.03 higher (AUDIT compared with active alcohol abuse or dependence) to 0.004 lower (CAGE compared with lifetime alcohol abuse or dependence).
Excluding only the 14 patients who were missing more than half of the CAGE questions (5 patients), augmented CAGE questions (5 patients), or AUDIT questions (10 patients), rather than assigning them a score of 0, did not change any of our conclusions either (data not shown). Sensitivities ranged from 0 to 3 percentage points higher, and some specificities were lower by less than 1 percentage point.
DISCUSSION
This study directly compared the AUDIT and CAGE questionnaires to interview comparison standards for heavy drinking and active alcohol abuse or dependence in a male primary care population. In addition, we compared the AUDIT to a briefer, previously described, augmentation of the CAGE. 22, 23, 35 All screening questionnaires were evaluated as self-administered instruments, with the two versions of the CAGE embedded in a Health History Questionnaire, and the AUDIT included in a questionnaire explicitly addressing drinking practices. Not surprisingly, given the past-year time frame of the AUDIT, 13 the CAGE and its augmented version performed better than the AUDIT for identification of lifetime alcohol abuse or dependence. Interestingly, however, the augmented version of the CAGE performed significantly better than the AUDIT for detection of active alcohol abuse or dependence. For identification of patients with either heavy drinking, and/ or active alcohol abuse or dependence in the past year, however, the AUDIT performed significantly better than the CAGE or augmented CAGE.
Sensitivities of the CAGE and AUDIT for alcohol abuse or dependence in the present study are lower than those reported in many previous studies (Table 4) . We suspect several factors contributed to the lower sensitivities in the present study. We surveyed a predominantly white population, and screening questionnaires appear to be less sensitive in white than African-American populations. 7, 8 In addition, previous studies had one interviewer administer both screening questionnaires and compari- son standards at the same sitting, potentially biasing results toward higher screening test performance owing to response consistency bias. 38 The DSM-III-R criteria that we used may be more inclusive than earlier DSM-III criteria. 39 In addition, the lower sensitivities in our study may reflect the fact that we evaluated self-administered questionnaires. Most previous studies of the AUDIT and CAGE have evaluated these instruments as intervieweradministered questionnaires. 1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] 30, 36 Three studies of interviewer-administered CAGE questionnaires in elderly VA populations similar to ours found the sensitivity of the CAGE (Ն2) for DSM-III-R lifetime alcohol abuse or depen- dence to be 78% to 82%. [10] [11] [12] Our sensitivity for the selfadministered CAGE (Ն2) compared with the same comparison standard was 53% (95% confidence interval [CI] 44%, 61%). Similarly, the AUDIT (Ն8) had a lower sensitivity for active DSM-III-R alcohol abuse or dependence in our population (66%; 95% CI 54%, 78%) than in a study in which the AUDIT was interviewer-administered (96%). 36 Previous studies comparing self-administered CAGE and AUDIT questionnaires with self-administered comparison standards have reported lower sensitivities, closer to ours: 39% for the CAGE (Ն2) screening for lifetime alcohol abuse or dependence 3 ; and 61% for the AU-DIT (Ն8) screening for current alcohol abuse or dependence. 40 No previous primary care study has compared a selfadministered CAGE, AUDIT, or augmented CAGE questionnaire with an interview comparison standard for heavy drinking. One study compared a self-administered CAGE using a modified 3-month time frame with selfadministered questions about alcohol consumption in the same survey, and found a sensitivity of only 14% for heavy drinking. 20 A study of army recruits found the CAGE to have a sensitivity of 41% for heavy drinking among men, defined as more than 21 drinks a week. 41 
Limitations
Several limitations of this study must be kept in mind while interpreting our results. There is no true "gold standard" for alcohol abuse and dependence or heavy drinking. Apparent misclassification of patients by questionnaire screens may therefore reflect misclassification of some patients by interviews. Patients may have been misclassified because of social desirability bias owing to lack of privacy at home while completing questionnaires or interviews. We were also unable to evaluate interrater reliability for interviews, so that unmeasured interviewer biases could have resulted in misclassification of patients by interviewers. Proxy respondents to questionnaires may have further decreased the internal validity of our results. Finally, we embedded the augmented CAGE in the general Health History Questionnaire, whereas the AUDIT was included in a questionnaire explicitly addressing drinking practices, potentially resulting in unmeasured context response biases.
We studied self-administered screening questionnaires in predominantly older, white, male veterans who drank 5 or more drinks over the past year, limiting the generalizability of our findings to other populations or situations in which alcohol screening questionnaires are administered in face-to-face interviews. We also found evidence of response bias, with heavy and problem drinkers being less likely to complete Drinking Practices Questionnaires or interviews. Our data therefore do not predict the performance of alcohol screening questionnaires in the heavy drinkers who did not complete the Drinking Practices Questionnaire or interview. However, nonresponse bias most likely exists in the majority of clinical and research alcohol screening programs 42 and we believe it was a strength of this study that we were able to measure drinking-related response biases.
Clinical Implications
Our findings confirm that the choice of a screening instrument should depend on the goal of screening. The augmented CAGE always performed better than the CAGE alone, and appears to be the optimal questionnaire for identifying patients with active alcohol abuse or dependence who might benefit from referral to addiction specialists. If the purpose of screening is to identify patients with heavy drinking so that clinicians can perform brief interventions aimed at changing drinking practices, the AUDIT had a slight benefit over the augmented CAGE in our population. We suspect that the AUDIT's superior performance for detecting heavy drinking predominantly relates to the third question about the frequency of heavy drinking, as the other two AUDIT consumption questions were also included in the augmented CAGE. Consideration should therefore be given to adding the AUDIT question about frequency of heavy drinking to the augmented CAGE.
Because the goal of alcohol-related screening is to identify high-risk patients and initiate further assessment of alcohol-related problems, sensitivity is more important than specificity in this setting. Self-administered screening questionnaires can identify more than 80% of patients with heavy drinking, or active alcohol abuse or dependence, using lower cutpoints than have been traditionally recommended. One or more points on the CAGE or augmented CAGE, or 4 or more points on the AUDIT, should therefore be considered a positive screen and lead to further evaluation.
Our findings suggest that alcohol-screening questionnaires are effective when embedded in mailed general health surveys. Self-administered questionnaires are probably more practical than interviews for alcohol-related screening, as clinicians are unlikely to remember 7 to 10 items for integration into clinical interviews. Moreover, with improvements in computer-scanning technology, alcohol-related screening may be increasingly included in population-based, mailed surveys to primary care patients. Given recommendations that patients be screened for many health-related behaviors and conditions ranging from smoking and unsafe sexual practices to domestic violence and depression, it is often impractical for all screening to occur during patient visits. In addition, managed care organizations want population-based data regarding patients' high-risk behaviors. 43 Although patients who do not respond to such mailed surveys must be screened during clinical encounters, the same computer-scannable survey could be administered by clerical staff. Taking screening off the shoulders of primary care clinicians will not only increase the number of problem drinking patients identified, 44 but also increase counseling and referral. 45, 46 
